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Abstract Objectives To investigate pre- and post-total middle ear reconstruction bacteriological changes in
order to facilitate prevention and treatment of surgical infections. Methods Specimens from 128 ears in 124
patients with problematic mastoid cavities who underwent revision total middle ear reconstruction were studied.
Results Bacteriological tests were positive in 87(68.0%) pre-operative specimens, despite local treatment, and in
74 (57.8% ) specimens collected 10 days after operation. Common organism strains in pre- and post-operative
specimens were slightly different and included: coagulase- staphylococcus, GRAM+ rods, staphylococcus aureus,
pseudomonas aeruginosa and fungi. At the time of patient discharge(15-20 days post-operative), only 3 ears (2.3%)
were tested positive which responded well to and became dry after local treatment. At one year, 4 ears (3.1% )
showed recurrent otorrhea which again responded to local treatment. Conclusion For infection of problematic
mastoid cavities after an open cavity procedure, revision total middle ear reconstruction is effective in controlling
infection and promoting a dry ear. Infection prevention and treatment is important considering the relatively high
rates of peri-operative local infections.
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Introductions
Intermittent or chronic ear discharge following
radical or modified radical mastoidectomy is not
uncommon. The rate can be as high as 60% ［1, 2］,
according to Beales. Palva reported that 10% of the
surgical cavity discharged continuously and 20% were
occasionally moist, due either to a recurrence of
infection or to continuing infection related to
insufficient disease eradication. Management of this
problem includes debridement, revision procedures and
cavity elimination. Elimination of the surgical cavity
can be achieved through ablation(external auditory
canal closure), obliteration (cavity fill in) or total
middle ear reconstruction(posterior ear canal wall
reconstruction with tympanoplasty). Although a
complex technique, total middle ear reconstruction is
probably the best way to treat problematic cavities.
Total middle ear reconstruction is a procedure to
reconstruct the normal function and anatomic features
of the ear through the reconstruction of the posterior
ear canal wall. For the procedure to be successful,
prevention and treatment of infection is as important as
the actual surgical procedure itself. Ideally, the
operation should be performed and recovery allowed
without pre- and/or post-operative infection. It is,
however, difficulty to control infection in problematic
mastoidectomy cavities in some cases. To make the
matter more challenging, revision procedures in
problematic mastoid cavities appear to be accompanied
by a relatively high rate of infection. It is therefore
important for an otologist to understand the
peri-operative bacteriology in a draining ear for
selection of optimal treatment strategies.
In this study, pre- and post-operative bacteriologi-
cal results in patients undergoing revision total middle
ear reconstruction were studied.
Subject and Methods
Specimens were collected from 128 ears in 124 pa-
tients(61 males and 63 females). The median age of
this group was 46 years(ranging from 17 to 76 years).
All patients were scheduled for total middle ear recon-
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struction for continuous or intermittent discharge from
mastoidectomy cavities following previous radical or
modified radical mastoidectomy. Intensive conserva-
tive treatments were given to control infection before
surgery, including: debridement, local irrigation with
sensitive pharmaceutical agents and oral antibiotics
based upon sensitivity test. However, failure to respond
to local treatments did not preclude the surgical treat-
ment.
Pre-operative specimens were collected from deep
locations of the mastoid cavity 3- 4 days before the
surgery. Post-operative specimens were collected from
the suspected infection loci in the inner portion of the
ear canal or at locations where discharge was visible
on Day 9-17, after the dressing had been removed.
Sterile cotton swabs were used for specimen
collection, which were immediately sealed in a sterile
test tube to be transported to the laboratory for
bacterium culture and identification.
Results
Bacterial floras were cultured and identified in 87
of the 103 ears from which pre-operative specimens
were collected(Table1). Single bacterial strain was
identified in 48 of these ears, 2 strains in 34 ears, and
more than 2 strains in 5 ears, giving a rate of mixed
infection at 42.5% . In total, 18 bacterial strains were
identified. The most common agents identified in
pre-operative mastoid cavities were: coagulase-
staphylococcus(27.5% ), staphylococcus aureus
(17.6% ), GRAM + Rods(16.8% ), and pseudomonas
aeruginosa(13.7% ). In addition, fungus floras were
cultured in a significant number of ears(12.2% ).
Anaerobic bacteria were not found. Bacterial culture
was negative in 16 ears(15.5% ). No specimens were
taken from the 28 dry ears.
In the 99 ears, from which post-operative
specimens were obtained from the newly-reconstructed
external ear canal, 74 showed positive culture
results(Table 2). Single-strain infection was present in
45 of these ears, dual-strain infection in 23 ears, and
more than 2 strains were identified in 6 ears. The rate
of multi-strain infection was thus 43.2% . The most
frequently identified strains in post-operative cultures
were: coagulase- staphylococcus(31.2% ),
Staphylococcus aureus(8.3%), GRAM+ Rods(16.5%),
Organism Spieces
Coagulase-staphylococcus
Staphylococcus aureus
MRSA
GRAM+ Rods
Pseudomonas aeruginosa
Fungi
Aspergillus
Candida parapsilosis
Others
GRAM- Rods
Enterobacter aerogenes
Klebsiella oxytoca
Proteus mirabilus
Providencia stuartti
Achromobacter xylosoxidans
Xanthomonas maltophilia
Corynebacterium
Acinetobacter lowffi
Pseudomonas fluorescens
Total
Negative
Mono-strain Infection
12
12
1
6
7
5
1
1
1
1
1
48
Dual-strain Infection
infection Total
21
9
15
8
6
2
1
1
2
1
1
1
68
3
2
1
3
1
2
1
1
1
15
Multi-strain
36 (27.5% )
23 (17.6%)
1
22 (16.8%)
18 (13.7%)
16 (12.2%)
1 (0.7%)
3 (2.3%)
3
1
1
2
1
1
1
1
131 (100%)
16
Table 1. PRE-Operative bacteriological results in 103 eras
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Organism Species
Coagulase- staphylococcus
Staphylococcus aureus
MRSA
GRAM+ Rods
Pseudomonas aeruginosa
Fungi
Aspergillus
yest like cell
Candida parapsilosis
Others
GRAM- Rods
Enterobacter aerogenes
Proteus mirabilus
Providencia stuartti
Achromobacter xylosoxidans
Xanthomonas maltophilia
Corynebacterium
a-streptococci
trichosporon
GRAM+ cocci
Pseudimonas paucinio
Total
Negative
Mono-strain Infection
19
6
4
5
3
2
2
2
1
1
45
Dual-strain Infection Total
13
３
１
９
７
１
１
３
１
２
１
１
１
１
１
４６
２
４
３
１
１
２
１
１
１
１
１
１８
Multi-strain Infection
34 (31.2% )
9 (8.3%)
5 (4.6%)
18 (16.5%)
13 (11.9%)
16 (14.7%)
１０９
２４
Table2. Bacteriological results in 98 ears 10 days after surgery
pseudomonas aeruginosa, (11.9% ) and MRSA (4.6% ).
In addition to these, 14 other bacterial strains were also
identified. The rate of fungal infection, including
aspergillus and yeast like cells, was 14.7% . The
cultures were negative in 24 ears(24.1%). The 19 ears
with no signs of infection were not sampled.
In the 40 ears, in which pre- and post-operative cul-
ture results were available and compared, 49 pre-opera-
tive bacterial floras sustained the surgery, 71 floras
were eliminated and 69 new floras showed up in
post-operative specimens（table3）.
When examining the entire group, specimens were
negative of bacterial infection both before and after
revision total middle ear reconstruction in 15 ears,
while specimens were positive of infection before and
after the procedure in 64 ears. Positive culture turned
negative following the procedure in 39 ears, while in
10 ears culture changed from negative pre-operatively
to positive post-operatively. In the 64 ears in which
specimen culture was positive both before and after the
revision surgery, bacterial strains remained unchanged
in 14 ears. In 22 ears, at least one pre-operatively
identified bacterial strain continued to exist after the
surgery, while in 28 ears post-operatively detected
strains were completely different (table 4).
The majority of the 74 ears with positive
post-operative bacterial cultures responded well to
routine post-operative care and use of sensitive
antibiotics. At the time of patient discharge(15- 20
days post-operative), only 3 cases(2.3% ) remained
positive on bacterium culture. Strains identified at this
time included staphylococcus aureus(mono-strain n=1,
and dual-strain n=1) and pseudomonas aeruginosa (n=
1). Aspergillus was also present(mono-strain n=1, and
dual-strain n=1). Culture turned negative and the ear
became dry in all 3 cases after one month of local
treatments. At one-year follow-up, 11 ears were found
to have been moist for more than 6 month with no
clinical infection and 4 ears had recurrent intermittent
discharge that were later converted to dry ears by local
treatments.
Discussion
··116
Journal of Otology 2007 Vol. 2 No. 2
Organism Species
Coagulase- staphylococcus
Staphylococcus aureus
GRAM+ Rods
Pseudomonas aeruginosa
Fungi
Aspergillus
yeast like cell
Candida parapsilosis
Others
New
23
６
１３
５
２
２
５
１
Eliminated
21
13
15
７
５
２
３
５
Sustained (%)
14 (33.3)
9 (40.9)
6 (28.6)
10 (58.8)
37.5%
6
４
Table3. Post-operative Bacteriological Changes in 40 ears
Pre- Negative operation
positive
total
post-negative
15
39
54
operation positive
10
64
74
total
25
103
128
Table4 The comparison of the pre-and post-operative
infection at 10 days
Total middle ear reconstruction is a procedure to
restore both the function and anatomy of the middle
ear for patients who have a problematic mastoid cavity
following radical or modified matoidectomy. For this
procedure to be successful, prevention and control of
infection is as important as the surgery itself［3, 4, 5］.
Adequate understanding of peri-operative infection is
essential for selection of appropriate antibiotics. Our
results indicate that bacterial colonization before and
after total middle ear reconstruction is similar, with
coagulase- staphylococcus, staphylococcus aureus;
GRAM + rods, pseudomonas aeruginosa and fungi
being the most commonly isolated species.
Coagulase- staphylococcus is the most frequently
detected strain in this study, both before and after the
surgical procedure. This strain has traditionally been
considered to be a result of contamination with little
clinical significance. In the past 2 decades, however,
these organisms have been recognized as important
agents of human diseases, including post-operative in-
fection. When clinical findings are correlated with iso-
lation of coagulase- staphylococcus, staphylococcus
epidermidisis is by far the most frequently recovered
orginism, accounting for 50% to over 80% of the iso-
lates. Others may include staphylococcus saprophyti-
lus, staphylococcus haemolyticus, staphylococcus hom-
inis, etc. Our study also shows that GRAM + rods,
staphylococcus aureus and pseudomonas aeruginosa
are common agents both in pre- and post-operative in-
fections, similar to other previously reported studies.
Our results indicate that pseudomonas aeruginosa and
staphylococcus aureus are the most treatment-resistant.
The increase of fungus infection after surgery (from
12.2% to 14.7% involving 16 strains) may be related to
continuous use of ear drops and/or local antibiotic treat-
ment in the presence of moisture in the mastoid cavity.
The clinician should also be aware of less common or-
ganisms such as enterobacter aerogenes and klebsiella
which can result in chronic discharge that requires spe-
cial treatments.
Despite pre-operative local treatments including
usage of antibiotics, bacterial culture was positive in as
high as 68.0% (78/128)［5］of the ears in this series. The
most important reason may be that diseased mucosa
and granulation tissues in the mastoid cavity provide
an ideal environment for bacterial growth and prevent
antibiotics from reaching an effective tissue
concentration. Local treatment is effective in
controlling infection in chronic otitis media, but less so
against infection in post-mastoidectomy cavities.
Surgical extenuation of diseased tissues appears to be
the best way to control infection in such cases as it
serves to remove conditions needed for bacterial
growth［6］.
The fact that the rate of positive bacterial culture
remained high at 57.8% (74/128) 10 days after the
surgery, with similar bacterial strains as before the
surgery in a significant number of ears, emphasizes the
importance of peri-operative anti-infection treatment. It
is possible that some post-operatively cultured
bacterial strains have existed before the surgery within
the granulation tissue or inside deeply located mastoid
cells, resistant to local treatment and out of the reach of
a sampling swab, resulting in false-negative
pre-operative culture results. Removal of diseased
tissues, as part of the total middle ear reconstruction
procedure, and restoration of middle ear space serve to
eradicate existing infection and increase efficacy of
local treatment in case of residual infection, leading to
a significantly decreased positive culture rate at the
time of patient discharge(15 to 20 days after surgery in
this study). For the few cases with long-term recurrent
discharge(3.1% of the ears treated in this series),
infection is easily controlled by local treatment. The
high rate of positive culture immediately following the
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surgery once again points to the importance of careful
and repeated mechanical debridement of the
post-operative cavity in the early post-operative days.
The bacteriology of moist or discharging ears
cannot be directly deduced from the clinical features of
the ear or its secretion[7, 8], so bacteriological
examination of ear specimens is indeed valuable for
implementation of adequate and effective treatments.
At least two specimens should be taken, one on the day
before surgery and another on the day of first dressing
removal/exchange(10 days post-operative in this
series). The first culture provides instructive
information for peri-operative infection control, and
the second helps making appropriate adjustment in
post-antibiotic treatment.
In conclusion, total middle ear reconstruction ［9］
for patients with problematic cavities after radical or
modified radical mastoidectomy is an effective surgical
procedure to eliminate local infection, among other
benefits. Post-operative treatment of the surgical cavity
is an important step in preventing recurrent infection.
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